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Abstract 


Theory, technologies, applications, and current R&D status of the 
wireless power transfer (WPT) will be presented. The talk will cover both 
the far-field WPT via radio waves, especially beamtype and ubiquitous- 
type WPT, and energy harvesting from broadcasting waves. The 
research of the WPT was started from the far-field WPT via radio waves, 
in particular the microwaves in 1960s. In recent years this became a hot 
topic again due to the rapid growth of wireless devices. Theory and 
technologies of antenna and circuits will be presented in case of beam- 
type and ubiquitous-type WPI. Ihe industrial applications and current 
R&D status of the WPT via radio waves will be also presented. 


Index Terms: Wireless Power Transfer, Microwave Power Transmission, 
Energy Harvesting, Rectenna, Phased Array. 
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MPT to helicopter MPT rocket exp. SHARP Airplane exp. 
By W. Brown 1964, 1968 1983 by Kyoto Univ., ISAS 1987 (0 Canada 


Island-Island MPT (150km)in Hawaii 
2008 by Kobe Univ., NASA 
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Introduction of 
Kyoto Univ. and WPT 





Kyoto and Kyoto University 
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- Kyoto Univ. Data (2015) - 

Professors : 1,032 (5,445 Employees) 

students : 13,569 (Under Graduate) 
4,773 (Master), 3,671 (Ph.D) 

Nobel Prizes (Prof. Yamanaka, Prof. Yukavva, 
Prof. Tomonaga, Prof. Tonegavva, Prof. Fukul..) 





dan., 1983, by Kyoto Univ.. and ISAS 











Power from Airship (50m above, 2.45GHz, phased array with two magnetrons) 


To or pe “ 
BST. Fİ T: 


March, 2009, at Uji, Kyoto, Japan 





Overview and Applications of 
Wireless Power Transfer 
via Radio Waves – 
(Microwave Power Transfer) 






Utilization of Radio VVaves 


Information, Broadcast : 

Information added (modulated) on carrier 

(radio waves) (Information from transmitter) 
Radar (Remote Sensing) : 

Information (amplitude, phase, etc.) reflected 
from target on carrier (Information from target) 
Heating : 

Energy conversion from radio waves to heat 
Wireless Power Transfer : 

Energy conversion from radio waves to electricity 
(Frequency conversion only form GHz(MHz) to AC/DC) 








VVireless Charging in Microvvave Oven 
United States Patent 5,994,871 
Charging of secondary cells using transmitted microwave energy 
Assignee: U.S. Philips Corporation (New York, NY) 


: cellular telephone The mobile phone 


: Faraday cage must be in microwave 
: opening oven with shielded 
“antenna case. Only antenna is 
: unmodified in outside. 

microwave oven 
antenna When we use /00W 
: transceiver microwave oven and 
: secondary cell 100% charging 


‘half-wave rectifier efficiency is assumed, 

: high quality diplexer battery of 6V1Ah can 

‘band stop filter be charged within 30 

: band pass filter | 
seconds theoretically. 


http://nevvs.livedoor.comv/article/detail/ 7374529/ 13 





Various VVireless Povver Transfer 
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1864 Prediction of Radio VVaves by establishment of 
Maxwell’s Equation based on Ampere’s law and 
Faraday’s law. (Radio waves was found in 1888 by 
Hertz’s experiment) 
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Around 1900 Tesla carried out WPT experiment of 
both inductive WPT and WPT via radio wave (150kHz), 
-> faired 


1960s W. Brown carried out beam-type WPT via 
microwave (2.45GHz) -> succeeded 


1980s Commercial Products of inductive WPT (Shaver, 
IC card..) 


1990s 1) RF-ID, 2) RF WPT toward Solar Power Satellite 
in Japan 


2006 MIT group proposed resonance coupling WPT 
(revised inductive coupling) 


2010s Various WPT — Standardization of inductive 
WPT, wireless charger for EV, energy harvesting from 
broadcasting waves, ubiquitous RF-WPT... 
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Various Inductive Wireless Charger Products 
(KHz-MHz) 11980 -) 
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Silicon Valley”s Rumor (Nov., 2016) 


e iPhone8 will install chip of Wireless Charging via 
Radio Wave by Energous 
“With an Energous transmitter in your office, your 


phone will constantly be charging even while it’s in 
your pocket as you sit at your desk and work.” 





https://www.bloomberg.com/news/articles/20 16-01 -29/apple-said-developing-wireless-charged-phone-for-as-soon- 
as-2017-ijz3i4si 
http ://VVVVVV.phonearena.com/nevvs/Upcoming-iPhone-8-could-feature-vvireless-charging-unlike-anything-vveve- 


seen-yet id87639 
17 


Energous Receives Industry-First FCC 
Certification for Over-the-Air, Power-at-a- 


Distance Wireless Charging (2017/12/26) 


The company's WattUp Mid Field transmitter 
can deliver power via radio frequency (RF) 
energy to WattUp-enabled electronic devices at 
a distance of up to three feet. 
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https://ir.energous.com/press-releases/detail/596/energous- 
receives-industry-first-fcc-certification-for 


Osssia requests new WPT experiments 
for loT for retail in ‘SandBox’ to Japanese 
Government (National Assembly} 
(2017/11/8) 
16 48 2819|1: 1Јӱ-—ЛИ8|(-НПот 
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Japanese Newspaper 


2018/1/26 


"National Assembly will 


start WPT via radio 


wave field experiment 
in SandBox which was 


proposed by Ossia" 
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VVireless Povver Transfer to loT Sensors in Hospital 


(Project of Center of Innovation’ supported by JST) 


In SandBox (Special Permitted Area) 
: 920MHz-band, «5W, »10m distance 






Transmitter 
(927MHZ, 5VV) 
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Field Experiment of Battery-less Sensor vvith Organic IC 
E Univ., Panasonic, and Yamagata Univ.) 





at Special Permitted WPT City (Area) in South of Kyoto (2017.12) ., 


VVireless Povver Transfer to Electric Vehicle in Hospital 
(Project of ‘Center of Innovation’ supported by JST) 


Wireless Power 
| b | Transmission System 
İİ some people approach | | searches the target, and 


Power Transmission | i beam direction to the target. — 


near that area, VVireless | » controls the microwave p х 
by Kyoto University 


System identifies the 
people and shutdown 


the system. и E | - ə” with M HI CO. 
' | From 2013 


Joint R&D 
Kyoto Univ. 
Key technology 
Mitsubishi Heavy Industries 
System Design 
| System Manufacturing — - 


Transmission Heception K / 


module module 





2.45GHz, 
< 100W MW 
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VVireless Charger Experiment in 2017 


7 





Antenna Theory of 
Microwave Power Transfer 
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VVireless Povver Transfer via Radio VVaves 








Rectifier 
(+ Antenna = Rectenna) 











- Transmitting Receiving 
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Antenna Radiation Phase Array Antenna 
Theoretically 100% (Class-F) d Theoretically 10096 (Shingle-Shunt, Class-F) 


Various VVireless Povver Transfer via Radio VVaves 


(a) Beam-type (b)Ubiquitous-type (Low efficiency, like RF-ID) 


(High efficiency with higher frequency) | 
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Field of Radio VVaves 


[Antenna Element] , — ,, [Aperture Antennal 
R aif P X» 
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l 
| 
| | 
| | 
| | 
| D | 9: 2 
| | Lk A 
| | u—^ 
| 
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|: Reactive Near Field 
Il: Radiative Near Field (Fresnel Region) Electric Field from Aperture Antenna 





IIl : Far Field (Fraunhofer Region) in Near Field and Far Field 
A 
av |: Reactive Near Field = Inductive WPT 
A 2D' = | : 
— «d « —— I| : Radiative Near Field (Fresnel Region) 
dd A = Sphere Wave (Beam-type WPT) 
d> 2D° IIl : Far Field (Fraunhofer Region) 


- Plane Wave (approximation) (Ubiquitous WPT) ,, 


height A (cm) 


400 


200 | 





Measured Data in Near Field 
D =3m, A =0.1224m 


2 
2. —14/m >> 42m 





| 24.0 
| 18.2 
14.4 
ag 
D — 4.B 

100 200 300 66 @ Yamasaki, 
Position r (cm) Japan, 1996 
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Formula of Efficiency of VVPT via Radiovvaves 
for Beam-type VVPT (in Radiative Near Field) 


T Ы 


R, D Fraunhofer's Diffraction (|ro|, |r| ««d) 
d 











exp (jkd) jk jk 
— — — — eXpİ -— ro) exp4 ——ux ^ vy]; dro 
| exp 3 [f feed - D ace) 
Antenna ә T parameter and beam collection efficiency 
Aperture Aperture 
1- z : — — — 
Electric Field on Tx Ant. Electric Field in Far Field. | | 
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W. C. Brown, The history of power transmission by radio waves, IEEE Trans 
Microwave Theory and Techniques, MTT-32, pp.1230-1242, 1984 29 


Diameter of the antennas d [m] 


Beam Efficiency vs Distance vs Antenna © 


10000 
7€ f-— 2.45 ir Wireless power transmission between islands 


= "m js M D= 10 km~ 80 km, d = 50 m~200 m A i 


6: 
= әј Ад 2 


100 Wireless power supply for vehicles \ J| “x 


D= 2 m”-6 m, d= 0.7 m~1.4 m 









Rectenna 





Space Solar Power System (SSPS) 


10 D = 36000 km, d = 2500 m 


0.1 
0.0001 0.001 0.01 ОЛ l 10 100 1000 10000 


Transmission distance D [km | 


Even a few thousand km is near field when we use few km antennas. 
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Theoretical 100% Receiving Efficiency at Infinite Array 


[Theory of microstrip antenna (magnetic current antenna)] 





Receiving Efficiency n 100 
A without Loss 
7] = : 15 — -Һ with Loss 
LL, cos @ — 
E. = 50 
A, — — rad — D 
( An ə 
0 
» Ha) zp; |B? (x) )- cos? 9. B ?(x İlin 040 05 06 0.7 0.8 09 10 
LIN 
əl G, : operating conductance of array with antenna 
D= ZG. position in previous page 
0 7 rad G4: radiation conductance of one element 
x=k,asin@ D : antenna gain of one element 
G4, D is only TM,4, mode by Derneryd 
B, (x)» J (x) J4(x) A : equivalent radius of CMSA 
_ о Vo : suplly voltage 
D, (x) = Ји (x) 4 (x) Ko : propagation constant in free space 


p, BALA TT VBUMZLZTTOSG&SSU,ISSEISSRAP84-69, pp.9-14, 1984 34 


HFSS Simulation Result 


Magnetic field distribution Reflected magnetic field distribution 


Hx [A/m] 


140 140 





120 120 
LD L 
x 100 x 100 
N N 
О gp . 80 
o o 
E 60 Е 60 
c с 
> 40 vw 40 
(ә QO 
20 \ 20 \ 
Antenna Reflector Antenna Reflector 
5 10 15 20 25 5 10 15 20 25 
Cell number of y axis Cell number of y axis 


Beam Efficiency 100% 
x Receiving Efficiency 100% 
= we can transmit 100% radio wave!! 


Receiving Efficiency: 99.9% 


(After 15 cycles of Plane Wave input) 





Yu Tsukamoto, et al. “Study on a Dipole Array Antenna with Reflector for Non-Leak MPT System to 
Vehicles”, Proc. of 2015 Asian Wireless Power Transfer Workshop, 14.pdf 


VVhat happen vvhen position is changed? 






İn order to increase efficiency, 
beam direction 

must be controlled 

(and target position must be 
Detected.) 
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| Phased Array Developed in Japan 
Semi-Conductors 


Rear : Solar Cells 


Lights as Sun 





1992 (for Airplane Experiment) 
2.45GHz, Total Power »1.2kW 





96 array module, 3in1 sub-array 2000 SPTITZ (for SPS) 
B 5.8GHz, Total Power >25W ҹи 
HPA PAE >40% (GaAs) Mne” 
By Kyoto Univ. and Kobe Univ. 100 array module with Solar Cell, — ҝӧ 2015 5 ВОН 
System Eff. >15% (GaAs) 2010 5.8GHz, olu 
by JAXA and Kyoto Univ. Total Power >1.9kw . lotal Power >1.6kW 


256 array module 304 array module 


4in1 sub-array 
HPA PAE >70% (GaN) 
thickness “30cm HPA PAE >70% (GaN) 


: thickness <2.5cm 
t Kyoto Univ. 
eee an by METI & JSS 


Magnetrons 





oft — PI. | 
2000 SPORTS2.45 
2.45GHZ, 
Total Power >4kW 
12 magnetron array 
Eff. >70% 
at Kyoto Univ. 





2001 SPORTS5.8 
5.8GHz, 2009 for Airship Exp. 


Total Power »2.7kW 2.45GHz, 
9 magnetron array Total Power 2440W 
Eff. >65% 2 magnetron array 


at Kyoto Univ. (light weight) 
by Kyoto Univ. 





2015 2.45GHz 
Total Power »10kW 
500m Field Exp. 

by METI & JSS 


1990 2000 2010 34 





MPT Experiment on Feb. 2015 
Thin-High Efficiency Phased -— with GaN MMIC 


2.5cm thickness phased array 
GaN MMIC Amplifiers 
5.8GHz, 1.8kW 
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Developed by Mistubishi Electric Corp. (Phased Array), IHI Aerospace (Rectenna Array), Supported by METI 35 





1GW Solar Power Station 
2kmo Solar Cells 

2kmo Microwave Antenna 
« 10,000 ton weight 






36,000km 
Wireless Power 
Transmission 

via Microwave 











Future Dream of MPT: 
Solar Power 
Satellite (SPS) 





Energy Availability Factor 
Ground PV 
: < 15% (Night, Rain...) 
Space PV (SPS) 
: >90% (No Night in 36,000km Orbit, 
No Rain by Microwave Propagation) 


















2kmo 
Receiving Antenna 


-> SPS Is huge, stable, and CO.-less 
Power Station 









Rectenna Technology of 
Mlicrovvave Povver Transfer 


---> 
---> 
---> 


Radio Wave 


DC 
To Load 





Rectenna — Rectifying Antenna — 
Radio Wave -> DC Power Converter 





Output DC 
Filter To Load 
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antenna s (backside) 








Brown&JPL Rectenna Rectenna by Hokkaido Univ. Rectenna byTexas A&M Univ. ; Rectenna by Intel co. 
(2.45GHz) 1970-75 (2.45GHz) 1984 (35GHz) 1992 : (674 - 680 MHz) 2009 
Rectenna . 
ə by Kyoto Unıv. nra, 
VY (5.8GHz) 2001 BENÍGv o. 


- ес Rectenna 
WN byDENSO co. 
V* (21GHz) 1997 
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Hovv do vve increase the RF-DC conversion 
efficiency at energy harvesting? 


RE-DC conversion 10 increase the peak RF-DC conversion efficiency 

1) With low @RC diode 

2) High voltage at diode (almost breakdown) 

3) ЫЫ harmonics combination (like class- F amplifier) , 


——— o Higher Order 
Mio 5 | : Harmonics Effect 


efficiency 







V, Effect 






Diode Maximum Vpr Effect 


Efficiency Curve 


“rectenna” 


“detector” - region 
region DUC 


-V 


Vor Vy 


(10-30V) İ (0.2-0.3V) Input Power 


or Connected Load 
T.- W. Yoo and K. Chang, “Theoretical and Experimental Development of 10 and 35 GHz Rectennas”, IEEE Trans. MTT, Vol.40, No.6, 1992, pp.1259- 1266 39 


Frequency Trend of RF-DC Conversion Efficiency of Rectenna 





100 
PM Brown [10] 
ə 90 Chang 111) 
ə 80 ? Yang [12] 
с © 
5 70 
= 00 Shinohara 141 ı 
C z, 
б 50 Suzuki 113) 65 
2 Hatakeyama 151 
2 40 Chang [14] 6 9 Chiou [3] 
5 30 | Nariman (15) ® © Hemour [2] 
o 20 ə Etinger İ7) 
2 10 Mizoiiri 

0 e 
| 10 100 1000 
Frequency [GHz] 


S. Mizojiri, et al., “Sub-Terahertz MSL and CPW rectenna using 303 GHz 300 
kW-class Gyrotron”, Proc. of IEEE Wireless Power Transfer Conference, 2018 40 


MMIC Rectenna at 24GHz (Kyoto Univ., 2013) 
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Microstrip Structure 
on GaAs Substrate 


Hatano et al., "Development of MMIC Rectenna at 24GHz', Proc. of 2013 IEEE RWS, pp.199-201 41 


94GHz Rectifier by Tsukuba Univ., Japan (2017) 





an: 
” Е E 


m Single-Series Rectifier 








Dielectric Base (NPC-F220A) 


Finline input 1.8mm 1.2mm 1.8mm DCoutput tan ò @10GHZz 0.0007 


€“ hk 


—» thickness, mm 0.127 
N | 0.6mm S Ros Dielectric constant 2.19 
Aİ thickness, nm 800 
w = 0.15mm = 
w= 0.4mm N BSF for f, 
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K. Matsui, et al., “Microstrip antenna and rectifier for wireless power transfer at 94GHz’, 
Proc. of IEEE WPTC2017 42 


303GHz Rectenna by Tsukuba Univ., Japan (2018) 
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S. Mizojiri, et al., “Sub-Terahertz MSL and CPW rectenna using 303 GHz 300 
kW-class Gyrotron”, Proc. of IEEE Wireless Power Transfer Conference, 2018 


Hovv do vve increase the RF-DC conversion 
efficiency at energy harvesting? 


RF-DC conversion To increase the peak RF-DC conversion efficiency 

1) With Low oRC diode 

2) High voltage at diode (almost breakdown) 

3) Higher harmonics combination (like class- F amplifier) 


— m Higher Order 
; Ni | Harmonics Effect 


efficiency 


V; Effect 





Diode Maximum ЫЫ 
Efficiency Curve 
— Input Power 
Harvested Power ( <mW) or Connected Load 


T.- W. Yoo and n. cnang, ипеогенсагапа схретпиетин veveroprient ui 1U and 35 GHz Rectennas", /EEE Trans. MTT, Vol.40, No.6, 1992, pp.1259- 1266 44 


RF Harvesting Scenarios 
Tokyo, Atlanta and London 
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R. Vias, H. Nishimoto, M. Tentzeris, Y. Kawahara, T. Asami, “A Battery-Less, x Harvesting in Urban 
"Mil. i and Semi-Urban Environments," 


Energy Harvesting Device for Long Range Scavenging of Wireless Power from f 
IEEE T-MTT, July 2013. 


Terrestrial TV Broadcasts," /EEE 2012 IMS Digest, Montreal, June 2012. a 


Energy Harvesting from TV Tovver Signal by 
Univ. of Tokyo and Georgia İnst. of Tech. 


EH from TV tovver 
* Power source: digital TV 
(512~566 MHz) 


sensing interval: 40—60s | 
(86.3 km) 


2-stage 
Cockcroft- 
walton circuit 


MSP430+CC2500 | e m 
XT wy ai 





R. Shigeta, et al., “Ambient RF Energy Harvesting Sensor Device With Capacitor-Leakage-Aware Duty Cycle Control,” IEEE Sensors Journal, 
Vol. 13, No. 8, pp.2973-2983, July 2013. 

R. Vyas, et al.“E-WEHP: An Embedded Wireless Energy Harvesting Platform for Powering on Sensors using existing, ambient digital TV 
Signals present in the Air," IEEE Transactions on Microwave Theory & Techniques, Vol. 61, No. 6, pp. 2491-2505, June 2013. 
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Weak Power Rectenna at UHF 


e 500MHz 
o 900MHz 


The top level efficiency around 


[>] -30dBm 





Rectification efficiency(%) 


-30 -25 -20 -15 -10 
Input power (dBm) 


[1] F.Kocer, et.al. “A New Transponder Architecture With On-Chip ADC for Long-Range Telemetry 
Applications, IEEE Journal of Solid-State Circuits, vol.41, No.5, pp. 1142-1148, 2006. 

[2] S.Mandel, et.al. “Low-Power CMOS Rectifier Design for RFID Applications,” IEEE Journal of 
Solid-State Circuits, vol.54, No.6, pp. 1177-1188, 2007. 

[3] P.Heieh, et.al. “An RF Energy Harvester with 35.7% PCE at PIN of -15dBm'", 2013 Symposium 
on VLSI Circuits Digest, pp.C224-C225, 2013. 

[4] M.Stoopman, et.al. “A Self-Calibrating RF Energy Harvester generating 1V at -26.3 dBm’, 
2013 Symposium on VLSI Circuits Digest, pp.C226-C227, 2013 

[5] T. Furuta, et al., ". The 500MHz band low power rectenna for DTV in the Tokyo area’, Proc. of 
WPTc2016, 2016 


Hovv to increase efficiency of rectenna at lovv input 


* Large Aperture Antenna — Especially Super Gain Antenna 
* Charge Pump - High voltage but low efficiency 
* Based on high efficiency rectifier with single shunt, etc. 


— Impedance matching at low input 
¢ Input impedance matching circuit (MIT, S-Band, 2015) 
* Output impedance matching circuit (Kyoto Univ., 2004, S- C- Band) 


— High impedance circuit and antenna (Kanazawa Inst. Tech., 


UHF, 2015) 
— With resonators (Tohoku Univ, UHF, 2006 ; Toyama Univ., S- 


Band, 2013) 
— Re-use reflected microwaves (Okayama Univ., S-Band, 2004) 
— Sel|f-Bias voltage (Univ. of Cantabria, S-Band, 2015) 
— Selective Matching Circuit (Dohaty) (Kagoshima Univ., S- 


Band, 2017) 
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Reverse Phase 2 Feeding Point Rectenna by CRL, Tohoku Univ. (1990) 


DC cut X Antenna - CMSA 

Capacitance Slot Antenna | LPF — Band Stop 
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Differential Rectenna (Saga Univ., Japan, 2017) 
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Toyoda, l., and E. Nishiyama, "Rectenna Design Using Electromagnetic Field 

oimulation Including Nonlinear Devices", Proc. of The 3rd IEEE International 

Conference on Computational Electromagnetics (ICCEM), pp.130-132, 2017 2 
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ITU Activities 


ITU : International Telecommunication Union (Founded in 1865) 


which cites the following purposes for the union: 

to maintain and extend international cooperation between all members 
of the union for the improvement and rational use of 
telecommunications of all kinds; 

to promote and to offer technical assistance to developing countries in 
the field of telecommunications; 

to promote the development of technical facilities and their efficient 
operation; | ; 
to promote the extension of the benefits of the new telecommunication | | ” 
technologies to all the world's inhabitants; 

to harmonize the actions of members in the attainment of these ends; 
to promote, at the international level, the adoption of a broader AMI | 
approach to telecommunications issues, an approach that includes other ə öl 
world and regional organizations and nongovernmental organizations dt 


cor After 2013, ons. 


Prop: Piscussic In 20 In 2018, 
to by İn ITU Report o We are here. 
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“New Report’ is published from ITU Now! (2016) 
Report ITU-R SM.2392-0 
“Applications of wireless power transmission via radio frequency beam’, 
http://www. itu. int/pub/R-REP-SM.2392 


Next Target : Target Year of Each Application of Beam.WPT 
toward New Report WPT-BEAM.IMPACT | 


915 MHz band, 2.45 GHz band, 
5.8 GHz band 


a2 Wireless Charger of Mobile Devices 2.45 GHz band 





al Wireless Powered Sensor Network 


2.45 GHz band, 


Point-to-Point WPT 
5.8 GHz band 


. . 2.45 GHz band, 
c1 WPT to Moving Flying Target 





5.8 GHz band 
Wireless Charging for Electric 2.45 GHz band, 
Vehicle 5.8 GHz band 
Solar Power Satellite TBD 
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VVorking Document Tovvards a Preliminary Draft Nevv Report 
ITU-R SM.[WPT.WIDE-BEAM.IMPACTS] (Jun. 2018) 
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m / 
Machine and Line management in Factory” İİ 
Application of wide-beam WPT Application of wide-beam WPT technology 


technology for wireless powered sensor for wireless charger of mobile devices 
network 
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MTT-26 Wireless Ene 
Transfer and Conver: 


Chair, Naoki Shinohara, January 2018 
Co-Chairs, Luca Roselli, January 2018, and 
Ali Darwiish, January 2016 

Chair and co-chairs rotations among Europe, 
Americas and Asia 

Number of Members : 43 

Members newly added including Yps: Masotti 
Diego, Tarricone Luciano, Budimir Budimir, 
Sandrolini Leonardo 

İl Listserv up to date? Y 


E Recent Activities Highlights 

—IMS2018 SDC on “Wearable Microwave Energy Harvesting” бу 5. 
Hemour and D. Masotti with MTT-10 and MTT-20 

-Sponsored workshop at IMS2018 entitled “Wireless Technologies for 
Implanted and Wearable Systems” by L. Tarricone and T. Ussmuller 

—J-ERM has a special issue for Wireless power transfer in 2017. The 
guest editors are D. Chen and S. Hemour. 

-Microwave Magazine Focused Issue entitled “Microwave 
technologies to make objects smart” supposed to be published end 
2018, beginning 2019 (Guest editor is L. Roselli and cosponsored with 
TC-24) 


TC Webpage up to date? Y 





B Technical Highlights 


IEEE WPTC2018 conference successfully organized in Montreal it 
is growing each year many TC-26 members involved. 

Naoki Shinohara contributed to many ITU reports on beam (far- 
field) and non-beam (near-field) WPT 

Naoki Shinohara gave 39 DMLs in 2016-17 and will give > 15 in 
2018. 

Luca Roselli proposed a new COST action involving WPT. But 
unfortunately it was failed. They keep this proposal. 

Many technical papers published by TC members in several 
International conferences and Journals. 


E Plans/Issues for coming year 


— Chairing ExCom of the WPTC2019 in London 
— Ensure MTT-26 websites updates 

— Invite new YPS 

– SDC for IMS2019 


IEEE Wireless Power Transfer Conference (WPTc) 
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VVireless Povver VVeek 
London, UK, London, 17-23 June 2019 


Paul D. Mitcheson and Hubregt J. Visser 


/ Important dates 
- Paper submission Jan. 25, 2019 
— Paper notification Mar. 15, 2019 
Early bird registration Jan. 25, 2019 
Final papers due Apr. 26, 2019 
Registration for tutorials Jan. 25, 2019 





ә 
Т Technische Universiteit a, IE E E e Imperial College 
U Eindhoven “У IEEE POWER 
University of Technology Advancing Technology ; ELECTRONICS SOCIETY London 
for Humanity 
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Conclusion 





Our Dream : VVireless Povver Society 
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VVPT Books 


VVAVES SERIES 





IET. Institution of 
Engineering and Technology 


Wireless Power Transfer 


Theory, technology, and applications 


Recent Wireless Power Transfer 


Technologies via Radio VVaves 


Naoki Shinahara (Edir) 


Naoki Sinon 


Wireless Power Transfer 
via Radiowaves 


Naoki Shinohara 





WILEY 


Naoki Shinohara Naoki Shinohara (ed.) Naoki Shinohara (ed.) 


ISTE Publishing & Hiver Publishers Inst of Engineering & Tech., 
John Wiley & Sons, Inc., ISBN 978-879360-924-2 ISBN 978-178561-346-3, 
ISBN 978-1-84821-605-1 2018.5 2018.8 
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